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Glycoprotein reutilization in regenerating microvilli after renal ische-
mia in rats. Renal ischemia causes a reversible loss of microvillar
membrane (MVM) of the proximal tubule cell and of MVM enzyme
specific activities (S.A.). We sought to determine if recovery of the
MVM glycoprotein was accomplished through de novo synthesis or
recycling. Renal ischemia (25 mm) was induced in rats by occlusion of
the left renal artery, followed by 15 mm or 4 hrs of reflow of blood.
Radiolabelled fucose was injected into rats before or after ischemia and
was used as a marker for new glycoprotein synthesis or recycling of
prelabelled glycoprotein.
Ischemia, followed by 15 mm of reflow, caused a 49% reduction in
protein associated with the isolated MVM fraction of the ischemic
kidney. There was also a decrease in newly fucosylated glycoprotein in
both homogenate and MVM fraction measured as S.A. or total amount
of labeled glycoprotein. Pre-labelled glycoproteins had no change in
S.A. in homogenates or MVM fractions of ischemic or contralateral
kidneys. However, the total amount of labeled glycoprotein in the
ischemic MVM fraction was reduced.
At 4 hrs of reflow, protein content of the MVM fraction was back to
normal. Pre-labelled glycoproteins of the ischemic homogenate and
MVM fraction were also back to normal with no significant dilution of
glycoprotein S.A. by newly synthesized protein, indicating that glyco.
protein recycling occurs to a large extent in the ischemic kidney.
Réutilisation des glycoprotémnes dans des microvillosités regenératives
apres ischémie rénale cliez des rats. L'ischémie rénale entralne une perte
reversible des membranes microvillositaires (MVM) de Ia cellule
tubulaire proximale, et des activitCs enzymatiques spécifiques des
MVM (SA). Nous avons souhaité determiner si Ia récupération des
glycoproteines de MVM s'accomplissait par une synthese de novo, ou
par un recyclage. Une ischémie rCnale (25 mm) a etC induite chez des
rats par occlusion de l'artère rCnale gauche, suivie par 15 mm 0114 hr de
repermCabilisation sanguine. Du fucose radiomarqué a etC injecte aux
rats avant ou après l'ischCmie, et a Cte utilisé comme marqueur de Ia
synthèse de nouvelles glycoprotCines, ou du recyclage de glycopro-
tCines prCalablement marquees. Uen ischCmie suivie de 15 mm de
repermCabilisation a entrainC une reduction de 49% des protéines
associCes a la fraction isolée de MVM du rein ischCmique. Ii y avait
egalement une diminution des glycoproteines rCcemment fucosilCes
dans les homogenats et les fractions de MVM mesurées par SA, Ou par
quantitd totale de glycoproteines marquees. Les glycoproteines
prCmarquées n'avaient pas de modification de SA dans les homogCnats,
ni dans les fractions de MVM des reins ischCmiques ou controlatCraux.
Cependant, la quantitC totale de glycoproteines marquees dans Ia
fraction de MVM ischémique Ctait réduite. A 4 hrs de repermCabilisa-
tion, le contenu proteique de Ia fraction de MVM Ctait revenu normal.
Les glycoprotCines premarquCes de l'homogCnat ischCmique et de Ia
fraction de MVM étaient Cgalement normales, sans dilution significative
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des SA des glycoprotéines par les protéines nouvellement synthCtisées,
ce qui indique qu'un recyclage des glycoproteines se produit, de facon
importante, dans le rein ischemique.
We have shown previously that a temporary unilateral renal
arterial occlusion produces mild reversible ischemia to the
kidney [1, 21. The kidney responds to ischemia with an efface-
ment of the microvillar membrane and loss of the marker
enzymes associated with this membrane [3]. After ischemia, the
enzyme-specific activities are decreased, followed by a gradual
recovery as the microvillar membrane [1, 21 is regenerated
through de novo synthesis and/or reutilization of membrane
components.
The present study was undertaken to assess the ability of the
kidney to recover the glycoprotein moiety, an important regu-
latory component of the microvillar membrane [4, 5], as reflow
and regeneration take place.
Fucose is an excellent marker for the glycosylation of mem-
brane glycoproteins in the rat since it is either bound rapidly to
serum proteins or excreted via the kidney [6, 7], in effect giving
the injection of fucose the attributes of a pulse label. In
addition, it is not converted to other sugars, nor is it incorpo-
rated into Krebs cycle intermediates [8, 91.
Methods
Animal preparation. Young, male Sprague-Dawley rats
weighing 100 to 150 g (Charles River Breeding Laboratories,
Wilmington, Massachusetts, USA) were fed Purina Rat Chow
and water. They were anesthetized by an intraperitoneal injec-
tion of sodium pentobarbital (Nembutal, 50 mg/kg body wt)
(Abbott Laboratories, North Chicago, Illinois, USA). Body
temperature was maintained at 37 to 37.5°C by a thermostati-
cally heated table and by overhead lights. Temperatures were
monitored using a rectal probe (Yellow Springs Instrument
Company, Yellow Springs, Ohio, USA).
The abdomen was opened by a left flank incision and the
renal artery was separated from the renal vein. Ischemia was
produced by clamping the artery for 25 mm with a stainless steel
micro aneurysm clip 1.5 x 10 mm (Roboz Surgical Instrument,
Washington, D.C., USA; 85 g pressure). The incision was
closed using plastic clips. After 25 mm, blood was allowed to
reflow for varying periods and the kidneys were removed.
Sham-operated rats were subjected to the same surgical proce-
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dures described except that the renal artery was not clamped.
To assess the degree of renal artery occlusion and recovery of
blood flow, some rats were injected with 50 microliters of a 5%
solution of F. D. and C. Blue #1 dye (Keystone Aniline and
Chemical, Chicago, Illinois, USA). The dye was injected into
the left jugular vein during and/or after the ischemic period by
the method of Siegel, Lowenstein, and Levinsky [10]. The
kidneys were observed for a color change due to the dye.
Kidney preparation. At the designated period of reflow, the
kidneys were removed from the rat, decapsulated and decortic-
ated, and placed in iced saline. The cortex was weighed, cut
into small pieces, and minced on a glass plate at 4°C using a
Stadie-Riggs blade.
Microvillar membrane preparation. Microvillar membranes
were prepared at 4°C, using a modification of the method of
Booth and Kenny [11]. The freshly minced cortices were
homogenized in 10 m Mannitol-2 m Tris-HCI, pH 7.2, 10
ml/g using a Dounce homogenizer (Kontes, Vineland, New
Jersey, USA) with three complete strokes. The homogenate
was transferred to a Potter-Elvehjem tissue grinder (Kontes)
and homogenized further with a teflon pestle rotating at 2,000
rpm using one up and down stroke. MgC12 was added to the
homogenate to give a final concentration of 10 m and slowly
stirred on ice for 15 mm. The homogenate was then spun at
l280g for 12 mm at 4°C, using an RC-2 Sorvall centrifuge. The
supernatant was decanted and centrifuged at 16,600g for 12 mm
at 4°C. The pellet was resuspended by hand in 5 vols/cortex wt.
(mug) of 100 mM mannitol-2 m Hepes (pH 7.2) using one
stroke of the Potter-Elvehjem homogenizer. MgCI2 was added
again to the suspension to yield a final concentration of 10 mM
and slowly stirred on ice for 15 mm. The suspension was spun
at 1475g for 12 mm at 4°C. The supernatant was recentrifuged at
15,900g for 12 mm. The final microvillar membrane pellet was
resuspended in 1 ml of 100 mM Mannitol-2 m Hepes (N-2
hydroxyethylpiperazine-N-2-ethanesulfonic acid), pH 7.2.
Enzyme activities. Alkaline phosphatase and gamma-
glutamyl transpeptidase were measured by methods described
previously [1, 2]. Leucine aminopeptidase was measured by the
method of Goldmann, Schlesinger, and Segal [12], and calcu-
lated as tmoles/mg protein/mm of formation of p-nitroaniline.
Succinic dehydrogenase was measured according to Pennington
[13] as modified by Morre [14]. Sodium potassium ATPase
activity was determined by the method of Silva et al [15].
Glucose-6-phosphatase enzymatic activity was determined by
the method of Baginski, Foa, and Zak [16]. Total acid phospha-
tase was measured using the method and reagents purchased
from Sigma Chemical Company (St. Louis, Missouri, USA).
Protein was measured according to Lowry et al [171 using
standards of bovine serum albumin.
Fucose incorporation. Fucose incorporation was measured in
several experimental groups. In all groups, 150 pCi of 3H-
labeled (56 Ci/mmole) or 30 pCi of '4C-labeled (59 mCi/mmole)
L-fucose (New England Nuclear, Boston, Massachusetts,
USA) in 0.3 ml of ethanol:saline was injected intraperitoneally,
under the following conditions: 21 hrs before ischemia, 3 hrs
and 45 mm before ischemia, or immediately after ischemia.
In some of the experiments, blood was drawn at designated
periods of reflow and at the end of the experiment for measure-
ment of circulating, TCA soluble, free fucose. The labeled
glycoprotein was measured in the plasma, homogenates, and
Table 1. Contamination of MVM by subcellular membranes
Homogenate MVM % MVM/Hom
Acid Phosphatasea
Ischemic
Contralateral
Sham
15,9 1.46 0.42 0.03
16.2 0.91 0.49 0.05
17.3 1.61 0.46 0.06
Na-K ATPas&'
2.6 0.30
3.0 0.40
2.7 0.41
Ischemic
Contralateral
Sham
Ischemic
Contralateral
Sham
Ischemic
Contralateral
Sham
270 13 0.27 0.03
244 20 0.37 0.06
306 21 0.49 0.09
Succinic Dehydrogenase°
0.010 0.002
0.015 0.003
0.014 0,002
1.32 0.16
1.39 0.13
1.29 0.07
2,40 0.60 ND.
2.43 0.54 N.D.
2.26 0.32 N.D.
Glucose-6-Phosphatase"
10.45 1.76 0.155 0.010
11.15 1.57 0.170 0.021
12.43 1.33 0.159 0.033
Abbreviations: MVM, microvillar membrane; Horn, homogenate.
Values are means SE, N = 7.
Sigma Units/hr/total fraction.
b tmo1es F, liberated/IS mm/total fraction.
smoles of formazan formed/mm/total fraction.
d smoles of P, liberated/mm/total fraction.
isolated microvillar membrane fractions by precipitation with
TCA, followed by extraction with 95% ethanol and a successive
extraction with acetone.
Isotope analysis. Aliquots (0.5 ml) of all fractions were
precipitated with 2 ml of 10% (w/v) trichioroacetic acid (TCA),
spun at 4,500 rpm and the pellets were digested with 1.0 N
sodium hydroxide for 2 hrs at room temperature. The superna-
tant volumes were recorded. 0.1 ml aliquots of supernatant and
digest were placed in 10 ml of Dimilume (Packard Instruments,
Downers Grove, Illinois, USA) and the radioactivity was
counted using a liquid scintillation spectrometer, model LS- 300
(Beckman Instruments, Inc., Fullerton, California, USA).
Data analysis. Results were compared by Student's unpaired
t test. Values are means S.E.
Results
Gross observations. During renal artery occlusion, the ische-
mic kidney blanched immediately, followed by a color change
to a dark violet. With reflow, the kidney resumed its normal
color, usually within 1 mm. When dye was injected into the
circulatory system during ischemia, there was no visible leak-
age of dye into the ischemic kidney. When the clamp was
removed, the kidney immediately took on the dye color.
Microvillar membrane purity. Gamma glutamyl transpepti-
dase, alkaline phosphatase, and leucine aminopeptidase were
chosen as enzyme markers for the microvillar membrane [1, 2].
Contamination by various subcellular organelles was assessed
using specific marker enzymes. Mitochondrial contamination,
as measured by succinate dehydrogenase activity, was non-
detectable in the microvillar membrane fraction. There was also
no significant difference between the ischemic or sham and
contralateral preparations in contamination by microsomal
(glucose-6-phosphatase), lysosomal (acid phosphatase), or
basolateral (Nat = K ATPase) membranes (Table 1).
500 Paddock et al
Table 2. Protein mg/total microvillar fraction after ischemia
15 mm of reflow
Ischemic Contralateral I/C N
0.44 007a,b 0.83 0.10 0.53 003a,b 12
Sham LK
0.75 0.15
Sham RK SLK/SRK
0.64 0.12
4 hrs of reflow
1.14 0.04 7
Ischemic Contralateral I/C
0.68 0.08 0.63 0.09 1.09 0.12 11
Sham LK Sham RK SLK/SRK
0.71 0.12 0.61 0.13 1.20 0.15 7
Abbreviations are: I, ischemic; C, contralateral; SLK,
kidney; SRK, sham right kidney.
P <0.02 ischemic vs. sham left kidney 15 mm, I/C vs. SLK/SRK 15
mm.
b p < 0.05 ischemic 15 mm vs. ischemic 4 hrs, I/C 15 mm vs. I/C 4
hrs.
Table 3. Effect of renal ischemia on enzyme-specific activities of
renal homogenate
15 mm of reflow
A.P.a GGTPb L.A.P.C N
Ischemic 0.37 0.03 0.45 0.09 0.061 0.06
Contralateral 0.59 0.06 0.61 0.02 0.071 0.04
I/C 0.66 0.07** 0.72 0.04** 0.870 0.03* 13
Sham left kidney 0.56 0.05 0.64 0.04 0.076 0.01
Sham right kidney 0.50 0.06 0.62 0.04 0.070 0.01
SLK/SRK 1.12 0.02 1.05 0.08 1.090 0.04
4 hrs of reflow
Ischemic 0.54 0.05 0.72 0.03 0.083 0.03
Contralateral 0.73 0.07 0.80 0.22 0.096 0.04
I/C 0.78 0.09** 0.87 0.03** 0.870 0.02** 9
Sham left kidney 0.68 0.04 0.71 0.07 0.098 0.08
Sham right kidney 0.66 0.03 0.69 0.06 0.099 0.07
SLK/SRK 1.03 0.05 1.01 0.07 0.99 0.03 7
Abbreviations same as Table 2.
A.P., moles of p-nitrophenoxide formed/mg protein/mm.b GGTP, rimoles of p-nitroaniline formed/mg protein/mm.
L.A.P., moles of p-nitroaniline formed/mg protein/mm.
* P < 0.05; ** p < 0.01. I/C vs. SLK/SRK.
After purification of microvillar membrane from sham and
experimental kidneys, alkaline phosphatase was enriched ap-
proximately elevenfold, gamma-glutamyl transpeptidase
twelvefold, and leucine aminopeptidase ninefold compared to
homogenate.
Effect of renal ischemia on the protein content of the
microvillar membrane fraction. Renal ischemia, followed by 15
mm of reflow of blood, produced a significant decrease in the
amount of protein associated with the microvillar membrane
fraction isolated from the ischemic kidneys as compared with
the fractions isolated from kidneys that were not ischemic
(contralateral and sham). When reflow was continued for 4 hrs,
sham left
Table 4. Enzyme-specific activities of the microvillar fraction after
ischemia
15 mm of reflow
GGTPb L.A.P.
Ischemic 4.77 0.71 4.95 0.56 0.510 0.054
Contralateral 5.73 0.78 6.32 0.44 0.643 0.057
I/C (N = 10) 0.88 0.04* 0.77 0.05* 0.790 0.044*
Sham left kidney 6.64 0.32 8.10 0.78 0.980 0.091
Sham right kidney 7.01 0,38 8.29 0.82 1.090 0.095
SLK/SRK (N 7) 0.98 0.07 0.97 0.02 0.970 0.004
4 hrs of reflow
Ischemic 4.32 0.62 5.51 1.17 0.702 0.135
Contralateral 6.13 0.87 7.50 1.21 0.862 0.105
I/C (N = 13) 0.72 0.04* 0.73 0.05* 0.740 0.064*
Sham left kidney 5.46 0.19 5.54 0.25 0.716 0.064
Sham right kidney 5.20 0.19 5.14 0.27 0.768 0.110
SLK/SRK (N = 7) 0.96 0.02 0.98 0.01 0.950 0.057
Abbreviations same as Table 2.
a jmoles of p-nitrophenoxide formed/mg protein/mm.b and /.Cmoles of p-nitroaniline formed/mg protein/mm.
* P < 0.02 I/C vs. SLK/SRK.
the protein content of these fractions had returned to normal
levels (Table 2).
Effect of renal ischemia on microvillar marker enzymes. At
15 mm and 4 hrs of reflow, the specific activities of the three
marker enzymes were significantly decreased in the I/C ratios of
homogenates (Table 3) and isolated microvillar fractions (Table
4) of the ischemic kidneys, compared to those isolated from
sham or contralateral kidneys. The apparent increased specific
activities of alkaline phosphatase (A.P.), gamma-glutamyl
transpeptidase (GGTP), and leucine amino peptidase (L.A.P.)
in the sham values at 15 mm of reflow (Table 4) was due to
inclusion of the values from two sham animals that appeared to
be, in our experience, spuriously high. However, these animals
still exhibited consistent I/C ratios. There was no significant
difference between the specific activities of the homogenates or
microvillar membrane fractions from contralateral or sham
kidneys. Although the specific activities of marker enzymes
were quite variable from rat to rat, in the young animals, when
the values of the individual animals were expressed as ischemic
to contralateral ratios (Table 3, 4), there was a consistent and
significant reduction of 13 to 30% in the three enzymes associ-
ated with both homogenate and microvillar membrane fraction
(Tables 3 and 4). At 4 hrs of reflow, the enzyme gamma
glutamyl transpeptidase was significantly increased in the ische-
mic homogenate as compared to 15 mm of reflow.
Organically extractable TCA insoluble fucose. In all the
microvillar membrane fractions, less than 5% of the total TCA
insoluble counts were extractable with ethanol and acetone.
There were also no significant differences between ischemic or
non-ischemic kidney homogenates or microvillar membrane
fractions in the percentage of TCA soluble counts found in the
kidneys prelabeled with fucose (not shown).
Time course of circulating free fucose. When radiolabeled
fucose is injected into the rat, it is bound rapidly to serum
proteins or is excreted rapidly in the urine 16, 7]. In our studies,
10 mm after the injection of fucose, at zero reflow, approxi-
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Table 5. Fucosylation of microvillar membrane glycoprotein after renal ischemia
Time of fucose
injection
DPM/mg protein DMP/totaI fraction
Homogenate MVM Homogenate MVM
15 mm of reflow
0 reflow 3H
Sham (N = 6)
Ischemic
Contralateral (N = 10)
7620 465
2497 190
6673 389
7385 613
2311 149
7226 534
281659 14114
125566 8408
336900 7288
2157
866
3665
182
60*
172
3 hr 45 mm prior to ischemia 3H
22238 1007
19846 675
17565 519
106055 6654
93403 3562
92530 3352
1337251 54591
1245817 38578
1260442 37674
96256
42227
73481
7509
2134*
3008
Sham (N = 8)
Ischemic
Contralateral (N = 7)
21 hrs prior to ischemia '4C
2732 268
2438 205
13614 1876
14664 1655
156377 11111
177829 13463
4294
9302
417*
866
Ischemic
Contralateral (N = 6)
4 hr of reflow
0 reflow 3H
Sham (N = 4)
Ischemic
Contralateral (N = 4)
45570 2664
36066 4151
39438 3337
238686 13365
119748 25866*
326060 56252
2530108 252706
1689043 224795
1812315 103051
140191
29702
112856
14988
3892*
6237
21 hrs prior to ischemia 3H
26921 1020
29696 2576
25722 2015
205267 4661
185877 15954
232073 18829
1103037 28624
1124463 83068
1042064 76535
75096
66510
71808
2780
5410
4962
Sham (N = 6)
Ischemic
Contralateral (N = 6)
* P < 0.05 ischemic vs. contralateral kidney.
Values are SEM.
mately 10% of the circulating fucose is bound to serum proteins,
as measured by TCA precipitation. By 60 mm of reflow, 100%
of the fucose is protein bound and no longer available for use as
free fucose.
Fucose incorporation at 15 mm of reflow. When radiolabeled
fucose was injected into the rat at zero reflow, that is, just as the
clamp was removed and after the ischemic period, there was a
significant decrease in the incorporation of the free fucose in
both the homogenate and isolated microvillar membrane frac-
tions (Table 5). The decrease was apparent when expressed as
the specific activity (dpmlmg protein) and as the total amount of
fucose-labeled glycoprotein (dpm/total fraction) of the
homogenate and microvillar membrane fraction. Injection of
labeled fucose 3 hrs and 45 mm or 21 hrs prior to ischemia
showed no differences in the specific activity or total amount of
labeled glycoprotein in the ischemic compared to contralateral
homogenate. The microvillar membrane fraction from the
ischemic kidney also had the same specific activity, but a
decreased total amount of labeled glycoprotein (Table 5). Since
there were no significant differences between sham left kidney
vs. right kidney, the values were pooled in this table.
Fucose incorporation at 4 hrs of reflow. When labeled fucose
was injected at zero reflow and allowed to circulate for 4 hrs of
reflow, the specific activity or dpmltotal fraction in the
homogenates of the ischemic kidney was not significantly
different from that of the nonischemic contralateral kidney.
However, the specific activity (dpmlmg p) of the ischemic
microvillar membrane fraction as well as the total amount of
labeled glycoprotein (dpm/total fraction) found in that fraction
was significantly decreased. When labeled fucose was injected
21 hrs prior to ischemia, the prelabeled proteins demonstrated
no significant differences between the specific activities
(dpmlmg) of homogenates from the ischemic, left kidney vs,
contralateral, right kidney, or microvillar membrane fraction of
the ischemic kidney compared to the contralateral kidney.
There were also no differences between the amounts of labeled
glycoprotein (dpmltotal fraction) found in the homogenates or
the isolated microvillar membrane fraction (Table 5).
Discussion
It is noteworthy that using a clip to occlude the renal artery
appears to cause longer lasting damage to the microvillar
membrane than using a snare because, in the present study, the
enzymes did not return to normal at 4 hrs as in our earlier
studies [2], which showed a return to normal within 2 hrs.
However, although the enzyme specific activities were not back
to normal, as measured by I/C ratios, they appeared to be in the
process of regenerating, as the kidney homogenates contained a
greater specific activity for gammaglutamyl transpeptidase (0.72
0.03) at 4 hrs than at 15 mm (0.45 0.09). This may represent
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gamma-glutamyl transpeptidase that is being synthesized and is
present in the cytosol, but not yet inserted into the membrane.
It is also noteworthy that the microvillar specific activities in
the contralateral kidney appear to be increased at 4 hrs of reflow
in gamma-glutamyl transpeptidase and leucine amino peptidase.
This may be due to an attempt by the contralateral kidney to
compensate for damage to the ischemic kidney, and may be a
contributing factor to the large variations in specific activities.
The microvillar membranes of the kidney are damaged by
ischemia with reversible loss of membranes lining the tubule
lumen. In addition, there are reversible decreases in the
membrane-associated enzyme specific activities and morpho-
logical changes in the proximal tubule segment [1—3]. It has
been proposed by other investigators that membrane recycling
may be an important phenomenon in regeneration of mem-
branes [18, 19]. The present study, in young rats, lends cre-
dence to this theory, at least as far as the glycoprotein compo-
nent of the membrane is concerned.
When the membranes are damaged initially by ischemia and
examined at 15 mm of reflow, there is a loss both of protein
content, consistent with effacement of the glycoprotein moiety
of the microvillar membrane, and a decrease in membrane
marker specific activities. This loss of specific activity suggests
a preferential loss of membrane marker rich domains associated
with the glycoprotein moiety. In addition, since there were no
significant differences between the levels of contaminating
membrane enzymes, measured as % MVM/Hom (Table 1) or as
individual I]C ratios (not shown), the glycoprotein variations in
the isolated MVM appear to be due mainly to changes in the
MVM itself and not to changes in basolateral or other mem-
branes found in this fraction. Prelabeling with fucose also
indicates that the existing glycoprotein component is concom-
itantly lost along with the marker enzymes and protein. This is
reflected in the decreased amount of labeled glycoprotein found
in the microvillar membrane fraction. However, at is mm of
reflow, the specific activity of the prelabeled glycoprotein of
this fraction is not altered, as opposed to the protein labeled per
total microvillar fraction. This also suggests that glycoprotein is
lost as a moiety with other proteins so that the specific activity
of the glycoprotein is unchanged as measured by counts per mg
protein.
In addition, when fucose is injected at zero reflow and
allowed to circulate for 15 mm, glycosylation in the entire
kidney is depressed, as evidenced by both the homogenate
specific activity and the total amount of fucose-labeled protein
present in the homogenates of the ischemic kidney. The
microvillar membrane fraction at this point also shows a de-
creased specific activity and decreased amounts of newly
fucosylated glycoprotein, which may indicate a suppression of
the glycosylating mechanism or a decreased blood flow subse-
quent to occlusion of the renal artery and releasing of the
clamp.
Fucose given to animals at zero reflow and allowed to
circulate for 4 hrs demonstrated a decrease in the specific
activity and total amount of glycoprotein present in the
microvillar membrane fraction, but with no differences in the
homogenates. This suggests that during the initial stages of
post-ischemic regeneration (after 15 mm and before 60 mm), the
ability of the kidney, as reflected by the homogenate values, to
utilize the free fucose circulating during the first 30 to 60 mm
(since after that time circulating fucose is entirely protein
bound) for glycosylation has either returned to normal, been
enhanced, or blood flow has normalized. In addition, the rate of
addition of newly synthesized glycoprotein to the microvillar
membrane during this time period appears to be reduced.
When the glycoproteins were prelabeled (21 hrs) with fucose
and allowed to reflow for 4 hrs, at which time the protein
content of the microvillar membrane was back to normal, there
were no differences between the ischemic and non-ischemic
kidneys, as measured by either the specific activity of the
fraction or total amount of fucosylated glycoprotein. This may
indicate a large degree of glycoprotein reutilization or recycling
of the glycoprotein component since there was no dilution of
the label with newly synthesized protein. In addition, there did
not appear to be a significant dilution of endogenous fucose
pools using the amount of fucose injected in these studies. The
rate of incorporation of fucose into TCA insoluble serum
proteins in our studies, even using the trace dose of 2 nmoles/rat
appeared to be very similar to those of others [6, 7] using up to
5 moles/rat. Preliminary results (unpublished data) from our
laboratory indicate that the degree of glycoprotein recycling
may not be as great in older rats. This difference may be
important because age appears to be a factor in recovery from
ischemic damage [20].
The major evidence for the recycling of the glycoprotein
component of the microvillar membrane lies in: 1) the mem-
brane fraction loses protein at 15 mm of reflow; 2) when
prelabeled with fucose, this protein loss is reflected in a
decreased amount of labeled glycoprotein with no change in
specific activity (glycoproteins are not preferentially lost during
ischemia, but come off with other proteins associated with the
membrane); 3) at 4 hrs of reflow the protein content of the
microvillar membrane fraction is returned to normal, and when
the labeled glycoproteins are counted there is no change in
specific activity, that is, there is no dilution of the prelabeled
glycoprotein with newly synthesized protein, and 5) free fucose
itself does not seem to be available for reuse through catabolism
of existing glycoprotein since there was no significant difference
between the amount of TCA soluble fucose in the ischemic
compared to the contralateral kidney.
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